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Abstract
There are numerous issues and challenges faced by healthcare practitioners as principal end users to adopt healthcare innovation in their clinical works. The purpose of this paper is to identify the performance factors for telemedicine acceptance in Malaysia, based on the integration of technology acceptance and user satisfaction theories to adopt innovation technology. The conceptual model is developed based on factors mainly from Web-based Information System Success Model (WISSM) and The Unified Theory of Acceptance and Use of Technology (UTAUT) models. The model is tested using a sample of 213 users from five public hospitals with IT usages in the Central region of Malaysia. The result from revised model is presented and supports all factors of performance characteristics: decision support satisfaction, task support satisfaction and effort expectancy that significantly influenced the telemedicine system performance (TSP) outcomes: performance expectancy, telemedicine net benefit and telemedicine system expectation.

1 Introduction 
Information and Communication Technology (ICT) are rapidly changing the processes in healthcare services, reforming from traditional way of clinical practices into the use of innovation technologies (Fitzpatrick & Ellingsen, 2013). New medical technologies and services are in a rise of demand due to demographic and disease pattern changes, increase of patient’s expectation in health quality, outdated healthcare infrastructure, service integration and evolution of high–technologies devices in global market (Nyamu et al., 2015; Zanaboni & Wootton, 2012). 
Telemedicine is a part of area in healthcare innovation that has been adopted to enhance healthcare quality provision in regards of ICT application (Ahmadi et al., 2015). With a greater innovation in medical tools, telemedicine can possibly improve the healthcare practitioner and patient’s interactions on a bigger scale of population demographic level (Beratarrechea et al., 2014; Mackert et al., 2010).
The terminology for telemedicine is evolving over the time among scholar and it was coining from the Greek term “tele” meaning distance and Latin term “mederi” meaning to heal (Zundel, 1996). Basically, telemedicine can be referred as healthcare provision from remote location using ICT tools (Perednia & Allen, 1995). World Health Organisation (2010) has broadly defined telemedicine as:
“The delivery of health care services, where distance is a critical factor, by all health care professionals using information and communication technologies for the exchange of valid information for diagnosis, treatment and prevention of disease and injuries, research and evaluation, and for the continuing education of health care providers, all in the interests of advancing the health of individuals and their communities.” 
In Malaysia, healthcare organisations are currently using telemedicine applications at an early stage of deployment and health technology assessment (HTA) becomes important for innovation management, the transformation from traditional medical practices to information technology (IT) based solutions (Judi et al., 2010). Since the telemedicine project has started almost twenty years ago, healthcare practitioners as a principal user are facing many challenges particularly the acceptance to adopt new technologies which are evolving rapidly over time, new product innovations and the obsolete services of previous technology (Esmaeilzadeh et al., 2011; Lee et al., 2012). In addition, the issues of user interaction in term of product’s usability consisting of user interface, security and privacy have been raised as barriers for telemedicine adoption in developing countries (Wan Ahmad et al., 2016).




2 Literature review 
Malaysia healthcare 
Malaysia is a fast developing country and located in Southeast Asia, also known as ASEAN nation. In Malaysia, healthcare services are administered under supervision of Ministry of Health (MOH), Malaysia. MOH provide support to public healthcare facilities, health act, health policy, health information and financial allocation. 
Restructuring healthcare services to embrace ICT to national implementation remain one the main challenges to the healthcare organisation including MOH in Malaysia (Ahmadi et al., 2015). Malaysia’s vison toward the healthcare system in the nation are comprehensive for the people and community, to enhance quality of life with the promotion of healthcare technologies (Ismail et al., 2013). ICT plays an important key that will enable the healthcare service transformation and needs rigorous acceptance and satisfaction by the key users (Wixom & Todd, 2005).
Telemedicine project in Malaysia has started since 1997 with officially informatics structured with the endorsement of Telemedicine Blueprint.  MOH has developed new IT infrastructure and new application to support the development of telemedicine project.  
Initially, there were four initiative projects for telemedicine implementation in Malaysia (Judi et al., 2010): 
1.	Customised/Personalised Health Information and Education 
2.	Continuing Medical Education (CME) 
3.	Teleconsultation
4.	Lifetime Health Plan (LHP)





Zheng et al., (2009) classified user interaction as designed software of user interface and application flow of IT that is vital importance for the end users. It is the interaction between human and machine and offers a great potential and capabilities in acquiring, storing, retrieving and analysing information data (Hesse & Shneiderman, 2007).  
User interaction study provides useful knowledge onto new interaction possibilities, as nowadays, the user interface system rapidly changes. User interaction requires the human as user to navigate, reading display presentation, and formatting the computerized system (Shneiderman & Plaisant, 2010). There is an argument that healthcare IT was not user friendly to the users compared to others in modern business, hence lower the acceptance and adoption (Succi & Walter, 1999) .  
In healthcare context, a well-designed of IT is essential and needs to achieve and present the high quality standard to the end users. Healthcare delivery demands complex patient information that is strictly confidential. Only an authorized healthcare practitioner should retrieve the patient information and interact with the computerised system. 
Previous research has reported a lack of user interaction design especially in navigational guidance lead to a low user acceptance and satisfaction in technology adoption (Goldberg et al., 2011). User interaction acknowledges the technology implementer to identify the problem among the end users with the system, and allows the re-engineering process for improvement (Johnson et al., 2005). 







According to Gelderman (1998), a study of technology system performance is related to user satisfaction and is statistically significant. Furthermore, the study on user satisfaction approach shows a relatively strong indication between decision-making performance and efficiency. User satisfaction reportedly gave an impact to individual assessment performance to the system usage (Delone & McLean, 2003)
In this study, we used a user satisfaction factor concerning technology and job satisfaction in using the telemedicine application technology that will impact on the performance assessment to the system adoption (Garrity el al., 2005). It will provide a focal point of user satisfaction to improve their performance in using technology in healthcare setting. This will provide a reference points for technology developer and IT manager onto design and processes of telemedicine in the future. 

User Technology Acceptance 
User technology acceptance is a matured stream in information system (IS) theory and it was used to measure user perspective to accept and use of technology. There are several types of approach in user technology acceptance which are based on individual acceptance, organisational level acceptance and both. The Technology Acceptance Model (TAM) by Davis (1989) has provided a based theory for user technology acceptance within a scope of new technology implementation and factors that influence on decision making to use the system. Venkatesh et al., (2002) has described user technology acceptance as prominence theory for individual acceptance to adopt a new technology and it is associated with the understanding of organisational outcome. 







Web-based Information System Success Model (WISSM)
Web-based Information System Success Model (WISSM) is formulated by Garrity et al., (2005) to examine Web-based Information System (WIS) and the model is applied user satisfaction approach to determine on consumer purchasing decision. The model has 3-sub dimension factors of user satisfaction for explaining behavioural intention: interface satisfaction (INS), decision support satisfaction (DSS) and task support satisfaction (TSS). These factors are derived and extended from previous extant literature in information system (IS) success from Delone and Mclean Model, Technology Acceptance Model (TAM) and the Garrity and Sander’s Model of IS Success. 
According to Garrity et al., (2005), the WISSM model explains approximately 70% of variance in user’s intention to use the WIS. In WIS, the users’ concern on how the technology support in providing decision for products and services. It involves a number of cognitive tasks include of throughput stages on products and services information, thus can be categorized as decision support performance based for the user’s view. The goal approach of WISSM is context based and has an end user oriented perspective, which stressed that the high quality and advance technology system should facilitate users in performing the task. The task is associated to the end users specific responsibility and environment. 
The WISSM model is applied into this integrated conceptual framework because healthcare practitioner as individual professional is a goal-oriented user in using the telemedicine application technology. The nature of healthcare practitioner in using the telemedicine is to provide support decision capabilities to patient care. There are numerous cognitive task of healthcare practitioner in using the telemedicine for healthcare consists of remote monitoring, diagnosing, providing treatment and educational. 




The Unified Theory of Acceptance and Use of Technology (UTAUT)
Venkatesh et al., (2003) have formulated The Unified Theory of Acceptance and Use of Technology (UTAUT) to predict the IT behavioural intention and use of behaviour. The model has unified eight outstanding IT acceptance and use models; Theory of Reasoned Action (TRA), Technology Acceptance Model (TAM), Motivation Model, Theory of Planned Behaviour (TPB), Combined TAM and TPB (C-TAM-TPB), Model of PC Utilization (MPCU), Innovation Diffusion Theory (IDT) and Social Cognitive Theory (SCT) . 
The original UTAUT by Venkatesh et al., (2003) is used to measure IT business context in a developed county and explained 76% of variance in user intention to use the technology. There are 4 prominent factors used to explain the intention to use the technology: performance expectancy (PE), effort expectancy (EE), social influences and facilitating conditions (FC). In addition, there are 4 moderators consists of gender, age, experiences and voluntariness of use to predict the effect of the factors into behavioural intention and use behaviour. The UTAUT model provides an empirical evidence to predict user technology acceptance and give insightful knowledge to the organisation that want to improve their performance in the future.









Conceptual Framework for Telemedicine System Performance / Telemedicine Adoption  
Integration of user technology acceptance and satisfaction have been claimed to facilitate IT adoption in developed country (Wixom & Todd, 2005). However, an empirical study by integrating this two streams approach to empower and strengthen IT adoption in developing countries is reported to be lacked and need more empirical studies for validation. 
To our best knowledge, there is currently no established conceptual framework for developing and measuring user interaction and performance factors of telemedicine in general, and telemedicine system adoption in particular in developing countries. The conceptual framework integrated several prominent conceptual methods to assess user interaction performance dimension based on user technology acceptance and user technology satisfaction for telemedicine adoption in this study. 
A conceptual framework as shown in Figure 1 is developed from the extant literatures to provide an overview on the benefit of user technology acceptance and satisfaction in system performance for the telemedicine adoption. Factors are selected to assess the important of user interaction towards the technology performance. The factors are mainly extracted from UTAUT, WISSM, and consist of interface satisfaction, security and privacy, decision support satisfaction, task support satisfaction, performance expectancy, effort expectancy, facilitating conditions and telemedicine system performance (TSP) aspects as shown in Table 1. TSP aspects include of two different outputs: telemedicine net benefit (TNB) and telemedicine system expectation (TSE).
Table 1 Conceptual framework factors
Factor	Definition
Interface Satisfaction (INS)	The dimension that capture the user’s impression of the interface in terms of presentation, navigability, format, ease of use and interaction with the technology system 
Security and Privacy (S&P)	The degree to which an innovation is perceived concern to sensible personal information protection, confidence resulting from promises on the environment and the reputation of the organisational. 
Decision Support Satisfaction (DSS)	The capability of the system to assist in decision making and better performance of the user’s job
Task Support Satisfaction (TSS)	The capability of the system to provide the benefit of system support to the user’s job
Performance Expectancy (PE) 	The degree to which an individual’s believe that using a system will help them to improve their job performance 
Effort Expectancy EE)	The degree of ease associate with use of the system 
Facilitating Conditions (FC)	The degree to which an individual believes that an organizational and technical infrastructure exists to support use the system
Telemedicine Net Benefit (TNB)	The impact that the telemedicine system capture to user performance in organizational level. 
Telemedicine System Expectation (TSE)	The degree of telemedicine system anticipation to achieve user performance.   






For this study, a survey based approach using administered questionnaire was applied as the primary data collection method. Further, a follow up interview with the main stakeholders of Malaysia’s healthcare organisation will be conducted by the researcher for the validation and generalisability of the conceptual model analysis results (Easterby-Smith et al., 2012). The survey questionnaire developed for this study consists of 10 variable factors and measured using a 7-point Likert scales for each item. The factors were taken and adapted from the established sources. The questionnaire was developed in English and then also translated into the national language of Malaysia known as Bahasa Melayu (Malay Language). 
The questionnaires were pilot tested by 15 healthcare practitioners consisted of 12 medical officers and 3 staff nurses. The reliability of the questionnaires for the pilot study was tested and all Cronbach Alpha coefficient value for each factor was above 0.7, which showed a good reliability for the factors measured (Pallant, 2010). 
Study site selection
An official research survey has been done for three month between January to March 2016 in Malaysia. The assessment is carried out at Malaysia’s public hospitals located in Central region of Malaysia that consist of 2 states, Wilayah Persekutuan (Kuala Lumpur & Putrajaya) and Selangor. Five IT hospitals in the region have been evaluated for this research. 




4 Results and analysis 
The survey questionnaire data was analysed using IBM SPSS software version 20. The first stage of data analysis include of screening the response, labelling with unique identification and data entry. The second stage was descriptive statistics consists of frequencies and sample profile. The third stage of analysis was model testing include of reliability test, correlation and regression analysis.
Sample Profile 
A total number of 213 usable survey questionnaires were collected from healthcare practitioners in five IT public hospitals in Malaysia. The hospitals were located in Central region of Malaysia in Wilayah Persekutuan and Selangor. Table 2 shows the data distribution at five different public IT hospitals coded as Hospital A, Hospital B, Hospital C, Hospital D and Hospital E. From descending order, 24.41% of respondents work at Hospital C, 21.60% work at Hospital B, 19.25% work at Hospital D, 18.31% work at Hospital A and 16.43% work at Hospital E.
Table 3 shows the demographic profile of this study. Based on the 213 usable respondents, the demographic sample is as follows: 65.3% work as doctor, 16.9% are nurse and 17.8% are physicians. In term of clinical experiences, group of 1-2 years contributed the largest sample 35.2 % of respondents and the least group was more than 21 years of experiences with only 3.3% of respondents. Most of the respondents hold Bachelor degree (63.8%), 22.1% holds Diploma and 14.1% holds Postgraduate certificate in their education level. They are working in four main clinical departments and the majority of respondents work at surgical department (40.8%), 28.2% work at medical department, 21.1% work at clinical diagnostic department and only 9.9% work at woman and children department. In term of geographic coverage, the majority of respondents cover state area (62 %), 25% covers national area and 13% cover district area.

Table 2 Data distribution 









Table 3 Sample profile 






















Type of Telemedicine Application Usage in Hospital 
Figure 2 shows the distribution of telemedicine application employed in the hospital based on the respondent’s usage. From descending order, five main telemedicine applications usage in the hospital were EMR, teleconsultation, educational, teleradiology and telemonitoring. The healthcare practitioners rarely used the other type of telemedicine application consist of telediagnosis, telepathology, teledermatology and telepsychiatry.

>>> Insert figure 2 around here
>>> Insert figure 3 around here

Figure 3 shows the type of telemedicine application based on job role. It was observed that teleconsulation to be the highest usage by doctor. The majority of nurse used more on EMR and teleradiogy was the highest used by physician.

>>> Insert figure 4 around here

In term of clinical department usages, medical department and woman and children department employed EMR as the highest usage, teleconsultation in surgical department and teleradiology in clinical diagnostic department as shown in Figure 4.

>>> Insert figure 5 around here

Furthermore, as shown in Figure 5, it was observed that within the job geographical coverage of healthcare practitioners, teleradiology is the highest used for national coverage, followed by educational and EMR. For the state coverage, teleconsultation is the highest used, followed by EMR and educational. Lastly, for the district coverage, it was observed that EMR is the highest used by healthcare practitioners, followed by teleconsultation and teleradiology.


Reliability and Correlation 
The reliability of the factors and their measures used in the questionnaire survey were tested in terms of their consistency and validity using Cronbach Alpha. According to (Pallant, 2010), the Cronbach Alpha coefficient value should be greater than 0.7 to proceed with other statistical analysis. In this research, all factors show a high reliability, Cronbach Alpha coefficient value ranging between the ranges of 0.821 to 0.959 as shown in Table 4. Correlation is assessed to distinguish the mutual relationship between two factors.  The strength of mutual relationships can be classified as low (r=0.10 to 0.29), medium (r=0.3 to 0.49) and high (r=0.50 to 1.0) (Pallant, 2010). Table 4 again represents the Pearson correlation results. The Pearson correlation demonstrated that the strongest relationship for telemedicine net benefit (TNB) is with decision support satisfaction (DSS) (r= 0.654 and p< 0.001) and for telemedicine system expectation (TSE) is with task support satisfaction (TSS) (r= 0.643 and p< 0.001). Both TNB and TSE have the lowest strength with facilitating conditions (FC) (r=0.259 and r=0.237, p< 0.001). In addition, telemedicine adoption has the highest correlation with TSS (r=0.671, p<0.01).  

Table 4 Reliability test and Pearson correlation test
Factor(N=213)	ReliabilityCronbach Alpha	Pearson Correlation
		Telemedicine Net Benefit (TNB)	Telemedicine System Expectation (TSE) 	Telemedicine Adoption (TA)
Interface Satisfaction (INS)	0.959	0.507**	0.529**	0.561**
Security and Privacy (S&P)	0.868	0.367**	0.316**	0.296**
Decision Support Satisfaction  (DSS)	0.934	0.654**	0.636**	0.636**
Task Support Satisfaction (TSS)	0.905	0.647**	0.643**	0.671**
Performance Expectancy (PE)	0.915	0.548**	0.580**	0.576**
Effort Expectancy (EE)	0.938	0.607**	0.594**	0.615**
Facilitating Conditions (FC) 	0.821	0.259**	0.237**	0.161*
**Correlation is significant at the 0.01 level (2-tailed).







Regression analysis is used for model testing between independent variable (IV) and dependent variable (DV). Multiple regressions were used to test between precursor as user interaction factors: interface satisfaction (INS) and security and privacy (S&P) with the performance factors: decision support satisfaction (DSS), task support satisfaction (TSS), performance expectancy (PE) and effort expectancy (EE). The result shows that INS and S&P have moderately influenced all the performance factors: DSS, TSS, PE and EE. A user friendly interface of telemedicine application will boost the performance characteristics of healthcare practitioners in deploying the telemedicine application to give a patient’s healthcare. Otherwise, in healthcare environment, security and privacy must be appropriate with a good quality; healthcare organisation needs to have a robust standards and procedures in handling medical information using telemedicine application. A high quality performance of user interaction will improve the usage of telemedicine application in the future. 
Again, multiple regressions were used to test between model performance factors and telemedicine system performance (TSP) outcomes: telemedicine net benefit (TNB) and telemedicine system expectation (TSE) as shown in Table 5. Multiple regressions analysis test demonstrated that only PE was not shown to be significant with TSP outcomes. The model tested accounted 0.482 of R² value for TNB and 0.469 of R² value for TSE, which represent the amount of variances related to the mutual factor fitted. 

Table 5 Multiple regression analysis conceptual model














Based on the results of conceptual model testing, the researchers did an inspection of PE factor which is shown not to be significant to the TSP outcomes. Empirical studies from Maillet et al., (2015) and Karahanna et al., (2006) found out that EE has a strong directly effect on PE for the technology acceptance. The revised model was developed and PE is shifted to the TSP outcomes. The correlation of PE is also shown to be high with other model performance factors: DSS, TSS and EE. The result shows that PE correlation between DSS, TSS and EE ranging from 0.685 to 0.735 (significant at the 0.01 level (2-tailed)). According to Hair et al., (2010), the independent variable (IV) should ideally have a low correlation among the factors, whilst high correlation between IV and DV. The multiple regressions were used again to assess the results for revised model consists of PE, TNB and TSE with the model performance factors: DSS, TSS and EE. Table 6 shows result of multiple regressions for the revised model. The result demonstrated that all the model of performance factors were shown to be influenced and supported towards the revised model outcomes. The revised model accounted 0.601 of R² value for PE, 0.484 of R² value for TNB and 0.465 of R² value for TSE. 
From the revised model results, it is suggested that healthcare practitioner are more concerned about their individual performance to use the innovation technology in delivering healthcare to patients. Healthcare practitioners specifically the doctors are the dominant group in medical field in assessing and performing clinical tasks; hence IT innovation should be innovated in a high quality standard and reliable in performing their task. TNB and TSE contribute moderate variances for TSP. Thus, when hospital want to promote the usage of telemedicine application, they should consider the net benefit of the system usage to patient care and technology requirement by the healthcare practitioner to fit their job tasks in clinical routines.  
Table 6 Multiple regression analysis for the revised conceptual model
The direction of path	Standardized regression coefficient (Beta)	Critical ratio or (t-value)	P-value	Significance











Based on data collected and analysed, EMR, teleconsultation, teleradiology and telemonitoring are the most common telemedicine applications used by the healthcare practitioners in Malaysia. This type of telemedicine applications also has the highest usage based on demographic profiles on their job roles, clinical departments and job demographical coverage in Malaysia. It contradicts with the World Health Organisation (2009) reports, only teleradiology was listed as the most commonly used globally. Healthcare providers in Malaysia should focus to enhance this type of telemedicine application by providing a continuous training as the devices and IT evolve rapidly, improve user friendly design for better adoption, standardized the design and processes to allow a good communication among users and organisation and good maintenance for long term sustainability. Furthermore, this study highlights the importance of user interaction, user technology acceptance and user technology satisfaction for the TSP outcomes. From the finding results, user interaction within interface satisfaction and security and privacy, both as precursor demonstrated a good significant for all of model performance factors. It was observed in healthcare that this element plays a key component in measuring the technological system performance. It is suggested that user interaction elements have contributed for user satisfaction and user acceptance prediction.  
All factors from WISSM that predicted user satisfaction in the conceptual model were shown to be empirically significant to the TSP outcomes. However, PE factor from UTAUT that predicted user technology acceptance was not shown to be significant towards the TSP outcomes. Only EE is shown to be empirically significant towards the TSP outputs. According to Maillet et al., (2015), EE has a determinant effect to PE in assessing the acceptance and satisfaction of nurses in healthcare settings. The researchers have revised the conceptual model based on the correlation result that shows strongly mutual relationship with the model factors: DSS, TSS and EE. The presence of user satisfaction factors, DSS and TSS also appears to play important roles in influencing PE to TSP factor. This study found that in healthcare services, user satisfaction is more dominance in measuring the TSP outcomes. The results indicated a highly strong support from the WISSM factors model compare to UTAUT factors in assessing the TSP. Furthermore, based on the revised model results, PE is found as indicator for TSP outcomes. PE provides a beneficial mechanism in measuring the performance of individual professional. PE was shown to be highly influenced by TSS which involved the evaluation of total efficiency and effectiveness in user satisfaction. Healthcare practitioner who holds professional authorities in the medical field anticipated a dominance decision making in using technology to provide the healthcare provision to patients. 
In addition, the proposed conceptual model also provides meaningful information on relative influence of throughput system characteristics for the actual adoption, thus helping the designers and technology makers in healthcare IT deployment in the future. For the telemedicine application context, based on the integrated factors of user satisfaction and user technology acceptance, it may provide basic guidelines for managerial decisions to deploy an effective system that can focus on the user perspective rather than technology principal, thus can improve the technology acceptance and adoption in healthcare organisation. 

6 Conclusion
Technology acceptance is a well-recognised research topic. However, there is very little empirical study on technology adoption in developing countries.  The current study of telemedicine assessment in Malaysia provides the knowledge on the type of IT application and the main factors that play important roles in the success or failure of IT acceptance. The integrated factors provide a richer understanding for health technology assessment (HTA) in general and telemedicine application in particular. 
From theoretical perspective, this research has attempted to identify important factors by integrating the user satisfaction approach (WISSM) and the user technology acceptance approach (UTAUT) as underpinning theories for assessing telemedicine system performance (TSP) in regards to telemedicine adoption. User interaction (consists of INS factor and S&P factor) was shown to highly influence the model for healthcare provider factors with regard to the TSP outcomes. Further, all the performance factors were shown to be supported in the revised conceptual model and TSP outcomes. The revised conceptual model has explained (60.1%) variance results for performance expectancy, (48.4%) variance for telemedicine net benefit and (46.5%) variances for telemedicine system expectation. This study showed that user satisfaction factors have better influenced than user technology acceptance factors in predicting the TSP outcomes. From user satisfaction theory, the WISSM model has been extended with the security and privacy factor. In addition, the results of this study found that performance expectancy from UTAUT was shown to be influenced by the performance factors (DSS, TSS and EE) in technology usage.    
From the managerial perspective, the transformation of healthcare service using telemedicine will seriously reshape the work routine in clinical practices of healthcare practitioner. It is a big challenge for the healthcare practitioners in engaging the change process to acquire well-conceived and well planned strategy. The understanding of factors affecting technology acceptance has been well recognised as key to improve IT adoptions amongst different user groups. Different clinical departments, clinical specialities, job roles and job demographic coverage provide substantial inputs and knowledges for the designer and technology maker in innovation of the telemedicine application in healthcare services. 
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Figure 5 Type of telemedicine application based on job geographical coverage 







